Abstract
. Estimates of Japanese jack mackerel abundance in Maizuru Bay. The second row of the eDNA method gives the abundance estimate that excluded the grid cells close to the wholesale fish market (indicated in Fig. 1a ), which were identified as extraordinary eDNA sources. The point abundance estimates and credible intervals are presented as posterior medians and highest posterior density intervals, respectively. In both estimation methods, estimates are obtained under the assumption that the size of jack mackerel individuals was 3 cm in body length and 1 g in body weight (see Methods).
applications are still the critical step. A number of quantitative eDNA applications uncovered a 66 positive association between eDNA concentration and abundance of a target species (Takahara et al. 67 2012, Thomsen et al. 2012 , Goldberg et al. 2013 , Pilliod et al. 2013 , Eichmiller et al. 2014 Lacoursière- Roussel et al. 2016 , Yamamoto et al. 2016 , Jo et al. 2017 . With the aid of a implemented recently in a one-dimensional lotic system with a single eDNA source (Sansom & 77 Sassoubre 2017) and in a river network system with multiple eDNA sources (Carraro et al. 2018) .
78
The application of the proposed approach to the Japanese jack mackerel population in Maizuru Bay
79
indicates that abundance of species can be reliably estimated by means of eDNA in a mesoscale lotic 80 system. Furthermore, the results revealed that the method can distinguish major exogenous sources 81 of eDNA, which have been recognised as a nuisance factor in eDNA applications especially for 82 species subject to fishery (Yamamoto et al. 2016 , Jo et al. 2017 .
83
The proposed framework, however, has several limitations in its current form. 
94
It has been argued that in an application of the eDNA method, careful consideration of 95 details of the ecology of eDNA is critical (Bohmann et al. 2014 , Rees et al. 2014 , Thomsen & Willerslev 2015 , Barnes & Turner 2016 , Goldberg et al. 2016 , Deiner et al. 2017 , Hansen et al. 2018 . eDNA concentration can be expressed as Eichmiller et al. 2014 , Wilcox et al. 2016 , Jo et al. 2017 ). The alternative model can be written as
which is a generalised linear model with an exponential link function: a less popular but still 
187
The standard maximum likelihood approach is, however, not applicable to these models when Bay through a narrow bay mouth in its north (Fig. 1) .
207
According to long-term underwater visual surveys, the jack mackerel is numerically the most 
222
At each sampling station, we captured sea water at three depths: the surface, middle, and 
where x is the density of jack mackerels in the cell, λ represents a degradation rate of eDNA, and β 276 is a per-capita shedding rate of jack mackerel DNA. Adv and Diff are the advection and diffusion 277 terms, respectively, which were determined implicitly by running the POM for Maizuru Bay. The 278 eDNA degradation rate was assumed to be constant and was adopted from an estimate obtained in 
284
Estimation of jack mackerel abundance based on eDNA and the tracer model 285 We fitted the logarithmic model (Eq. 2) to the eDNA concentration data collected in Maizuru Bay.
286
During the model fitting, we omitted negative samples in which the number of remaining 287 observations was N = 729. For vector of density x, we specified an independent lognormal prior with 288 unknown prior mean µ and standard deviation τ :
where 1 
307
The acoustic survey was conducted during the survey cruise for the water sampling (described 308 above). We used the KSE300 echo sounder (Sonic Co. Ltd., Tokyo, Japan) with two transducers between the two frequencies as follows:
According to field validation in Maizuru Bay combining acoustic surveys and visual confirmation of square block owing to a lack of the acoustic data, fish density was estimated by means of a geometric 336 mean of the fish density taken across the other grid cells. Finally, the bay level abundance was 337 estimated as a sum of the product of grid level density and water volume of each cell.
338

Data availability
339
The datasets generated and analysed during the current study are available from the corresponding 340 author upon reasonable request. 
where λ is a degradation rate of eDNA, which had been identified in the experiment as 0.044 h −1 (Jo 490 et al. 2017) , α is the exponential decay constant due to water injection (0.54 h −1 ), β ′ means the 491 eDNA shedding rate of the adult jack mackerels, and x denotes the fish density in the rearing tank
492
(0.015 individuals per litre).
493
We assume that the eDNA concentration had reached an equilibrium in experiments by Jo 
495
The eDNA shedding rate of juvenile Japanese jack mackerels (β) is then estimated as 496 β = β ′ 10 = c 0 (λ + α) 10x = 9.88 × 10 4 copies individual
where we assumed that the eDNA shedding rate per fish body weight is four-fold higher in the 
